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Confinement of quarks and gluons in nuclei led to the prediction of a new phase of matter called a Quark Gluon Plasma (QGP) which was probably
present during the early stages of the universe. The Relativistic Heavy Ion Collider (RHIC) was built to recreate and study a QGP. Jets, narrow cones
of particles produced during the formation of nuclear particles from quarks and gluons following the 1nitial quark and gluon scattering in the nuclear
collision, are one of the probes which can be used to to study the medium produced at RHIC. Jets can be studied by means of correlations with a
particle with a large momentum transverse to the beam (pT), since jets are commonly produced 1n binary collisions 1n back-to-back pairs. It has been

confirmed that many of these large momentum particles originate from jets. These studies have led to observations of modifications of jets in heavy 1on
collisions. A new component not observed in p+p collisions 1s observed near the high pT trigger particle and the jet 180" away is suppressed and its

shape 1s modified. These measurements indicate the presence of a high density medium, suggestive of the QGP, at RHIC.

Method

Because of the large number of particles produced in a typical heavy 1on collision, it 1s difficult to
accurately determine which particles were part of a jet. However, 1f jets are present, the particles created
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Two peaks are seen, one around A¢ = 0 called the near-side peak
and one around A¢ = 180° called the away-side peak. Figure 5: A sample collision in
. In p+p and d+Au collisions, the near-side peak is at small Anand Au+AuatVs =200 GeV. The
A¢. The away-side peak 1s already independent of An within -
STAR's acceptance due to differences between the rest frame of the
hard parton scattering and the lab frame and between the jet axis and
the direction of the leading hadron.

— Results: The AWay-Side

Early results for unidentified particles indicated that
azimuthal correlations demonstrated modifications of jet-like
signals 1n high energy Au+Au collisions relative to p+p. This
1s one of the proposed signs of the Quark Gluon Plasma.

Data in Aut+Au collisions at \/SNN = 200 GeV 1ndicated that,

while both the near side peak (from the same jet as the trigger
particle) and the away side peak could be seen 1n p+p, d+Au,
and peripheral Au+Au collisions (not shown), the away side

Figure 1: The phase diagram of nuclear matter
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(RHIC) comprises two concentric rings,
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Figure 2: Picture of RHIC showing the different accelerators
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jets are all either produced on the surface of the medium or are high
enough energy jets that they could pass through the medium.

Results: The Near-side

Modifications to the near-side are also observed. In p+p and d+Au
collisions, there 1s a peak only at small Agp and An. This feature,
called the Jet, is visible in Au+Au collisions, but it sits on top of a
new feature, called the Ridge, which is narrow in Ag but broad in

Figure 3: The STAR detector Nucl. Instrum. Meth. A 499 (2003) 624

The Solenoidal Tracker At RHIC (STAR) was designed specifically to detect charged hadrons. STAR is
a cylindrical detector, consisting of multiple subsystems, surrounded by a magnet which produces a field
of 0.5 T. The primary detector 1s the Time Projection Chamber (TPC.) The TPC 1s approximately 4 m
long with an inner radius of 50 cm and an outer radius of 2 m. High energy particles which travel
through the volume of the TPC ionize the gas which fills the main cavity detector. There is a cathode 1n
the center of the cavity and anodes at the ends. The electrons created by particles traversing the detector
drift towards the anodes at a constant speed. This speed, the drift velocity, is dependent on the gas (P10,
90% Ar and 10% CH ), the pressure (1 ATM), and the electric field (148 V/cm) and 1s roughly 5 cm/ps An. The Jet component not only has the same shape as the peak in

in STAR. The direction and momentum of charges hadrons can be reconstructed from the track it leaves ___oeiityad ..~ ptpand d+Au collisions, but it also has the same particle
in the TPC. o oS @9 composition and it can be described well by models which primarily
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A, AK' B E.. In p+p and e+e’, showers of particles called jets are created
Hadrons when two partons (quarks or gluons) suffer a hard (high
momentum transfer) collision. Usually two jets are produced
back-to-back, or azimuthally 180° apart.
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Figure 8: Early results showing produced in a Aut+Au collision and the spectrum of particles in the
that the away side peak is modified Ridge 1s also similar to those 1n the bulk. It is present even for high
in central Au+Au collisions at momentum (pT>8 GeV/c) trigger particles. Explanations for the
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\ S — 200 GeV. production of the Ridge include a bias in the correlation method,
energy loss 1in the medium, and plasma 1nstabilities.

Conclusions

Studies of jets using di-hadron correlations indicate that jets are significantly modified by the medium
produced at RHIC. The particles in the away-side appear at lower momenta in Au+Au collisions than in
p+p and d+Au collisions, and the shape 1s modified. Even the near-side is modified, with a novel feature,
the Ridge, appearing in heavy 1on collisions. These modifications imply that the medium at RHIC is
hot and dense. Studies of fully reconstructed jets in STAR have begun, and studies of jets will
continue to provide insight into heavy 1on collisions.

Jets are of interest because they could serve as a probe of the

_ medium produced. If heavy ions were a superposition of

A, ALK ETE. Parton nucleon-nucleon collisions, the same phenomenon would be
observed in heavy 10on collisions. However if a medium such as
the QGP 1s produced, jets, which are predominantly produced
early in the collisions, must travel through this medium before

. o detection. Since jets have been studied extensively in
Figure 4: Schematic diagram  ¢lementary collisions, it should be possible to determine how

of jets in a heavy ion collision  the properties of the medium modify the jet.
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